CHROMagar Staph. aureus (CSA) is a new chromogenic medium for presumptive identification of Staphylococcus aureus as mauve colonies after 24 h of incubation. We conducted a preliminary study with 100 S. aureus and 45 coagulase-negative Staphylococcus (CoNS) stock isolates plated on CSA. All S. aureus isolates yielded mauve colonies after 24 h of incubation at 37°C, while CoNS isolates grew as blue, white, or beige colonies. Culture on CSA was then prospectively compared to a conventional laboratory method, i.e., culture on 5% horse blood agar (HBA), catalase test, and latex agglutination test (HBA-catalase-latex), for isolation and presumptive identification of S. aureus from 2,000 consecutive clinical samples. Among the 310 S. aureus isolates recovered by at least one of the two methods, 296 grew as typical mauve colonies on CSA, while only 254 yielded catalase-positive, latex-positive colonies on HBA. The sensitivity of CSA was significantly higher than that of the conventional method (95.5 and 81.9%, respectively; P < 0.001) and allowed the recovery of important clinical isolates that were undetected on blood agar. The specificities of the two methods were not significantly different, although that of CSA was slightly higher (99.4% versus 98.9% for HBA-catalase-latex; P ‫؍‬ 0.08). On the basis of its excellent sensitivity and specificity, ease of identification of positive colonies, and absence of complementary testing, CSA can be recommended as a routine plating medium for presumptive identification of S. aureus in clinical specimens.
Staphylococcus aureus remains one of the most frequently encountered bacterial pathogens and is responsible for a variety of mild to life-threatening infections. Early isolation and identification of S. aureus as an etiologic agent or indicator of potential health risk is essential for appropriate patient care. In the clinical laboratory routine, S. aureus is usually isolated on nonspecific media (e.g., blood agar) and then presumptively identified before definitive overnight characterization (11) . Although immunoenzymatic and genetic assays (3, 5, 9) are available, presumptive identification of suspect colonies relies mostly on the detection of specific determinants such as clumping factor, protein A, and specific capsular antigens by agglutination of sensitized latex particles (7, 17, 19) . However, this method becomes costly and time-consuming when more than one suspect morphotype is present on a plate. In an attempt to achieve isolation and presumptive identification in a single step, specific selective culture media have been proposed for use to assist in the detection of S. aureus (reviewed in reference 1). Mannitol-salt agar and related media (2, 4, 8) are widely used for specific screening of S. aureus in potentially contaminated samples. They can be supplemented with antibiotics in order to detect methicillin-resistant S. aureus (MRSA) isolates (13, 18) . However, the average sensitivity and specificity of mannitol-salt agar (10, 12, 15) do not qualify it for use for early isolation and presumptive identification of S. aureus in all clinical specimens, although supplementation with egg yolk was shown to be of clinical interest (15) . There is still a need for more specific media that would retain the sensitivity of blood agar and allow single-step isolation and presumptive identification of S. aureus. CHROMagar Staph. aureus (CSA) is a new selective chromogenic medium proposed for detection of S. aureus as mauve colonies after 18 to 24 h of incubation. In this study, we first evaluated with 145 clinical stock isolates the ability of CSA to differentiate S. aureus from coagulase-negative staphylococci (CoNS), which are frequently encountered in human clinical samples. Isolation and presumptive identification of S. aureus on CSA were then compared to our standard routine protocol, i.e., culture on 5% horse blood agar (HBA), catalase test and latex agglutination for clumping factor, protein A, and/or specific capsular antigens (HBA-catalase-latex), with 2,000 consecutive clinical specimens in a teaching hospital.
MATERIALS AND METHODS
Culture media. CSA, a proprietary product, was provided for evaluation by CHROMagar Microbiology (Paris, France), as prepared 85-mm plates containing 20 ml of opaque creamy-white medium. As indicated by the manufacturer, CSA plates were stored at 4°C in a cold room and used within 4 weeks. Columbia agar supplemented with 5% horse blood (HBA) was purchased as commercially prepared plates (Becton-Dickinson, Le Pont-de-Claix, France). In our facility, HBA was preferred to sheep blood agar for general bacterial recovery because of its better capacity to support the growth of Streptococcus milleri-group streptococci and to grow Streptococcus agalactiae as beta-hemolytic colonies. All plates were incubated in air at 37°C. Brain heart infusion broth (bioMérieux, Marcy-l'Étoile, France) was used for cultures in liquid medium.
Stock isolates. The 145 stock Staphylococcus strains representing 10 species (Table 1) were isolated from clinical human samples in our facility, except for two reference strains (S. aureus ATCC 25923 and Staphylococcus epidermidis ATCC 14990). Among the 100 S. aureus isolates, 26 were resistant to methicillin. One of the MRSA isolates was a small-colony variant (auxotroph for thymidine) and was unable to grow in less than 48 h on HBA. The isolates were stored frozen at Ϫ80°C; for the present study, they were thawed, seeded on blood agar, and incubated overnight at 37°C. Suspensions in saline solution were prepared from freshly grown colonies and then streaked onto CSA plates (one isolate per plate). At this stage, the color and size of colonies were evaluated after 24 h of incubation. In order to compare the output of cultures and the growth limits of S. aureus on each medium, comparative colony counts on HBA and CSA were performed for each S. aureus isolate. Suspensions were prepared from freshly grown colonies in saline solution and were adjusted to a turbidity equivalent to that of a 0.5 McFarland unit standard suspension. Dilutions were made from these suspensions, and 100 and 5 CFU of each isolate were inoculated onto HBA and CSA plates by spreading 100 l of each dilution.
Clinical samples. The second arm of the study was carried out between March and August 1999 in the 800-bed Necker Enfants-Malades Hospital (Paris, France) on 2,000 consecutive clinical specimens of various origins (Table 2) . Midstream urine and routine stool samples were excluded, for S. aureus was unlikely to be isolated from such specimens. Plating on CSA was added to our routine testing regimen, and a comparison of recovery for each specimen was made. Samples were inoculated in a set order: routine medium (HBA) first and then CSA. Primary inoculation was made with a loop or a swab. A straight wire was then used to streak the material to achieve isolated colonies. Quantitative cultures were performed on bronchoalveolar lavage, protected bronchial brush, and central veinous catheter (rinsed with 500 l of saline solution) by spreading 100 l of sample per plate. All plates were incubated at 37°C in air and examined after 24 h of incubation. Incubation was occasionally prolonged to 48 h for HBA plates only, in order to enhance differences between colony morphotypes.
Presumptive identification of S. aureus. The criteria for presumptive identification of S. aureus were defined as follows: (i) on CSA, well-separated mauve colonies after 24 h of incubation, without further testing, and (ii) on HBA, colonial appearance after 24 to 48 h of incubation (11, 12) and Gram stain morphology, positive catalase test (ID color Catalase; bioMérieux), and positive agglutination for Pastorex Staph Plus (Sanofi Diagnostics Pasteur, Marnes-laCoquette, France), as previously described (14) . Pastorex Staph Plus allows simultaneous detection of clumping factor, protein A, and two S. aureus-specific capsular and was shown to identify most S. aureus isolates, including MRSA lacking clumping factor and/or protein A (17) . On HBA plates with mixed staphylococcal flora, one colony of each suspected different morphotype was tested for catalase and by latex agglutination. All plates were inspected by the same technologist.
Confirmatory identification. S. aureus identification was confirmed by a positive tube-coagulase test, as previously described (11) . Colonies from primary recovery plates presumptively identified as S. aureus were inoculated into brain heart infusion broth and incubated overnight. The cultures were then mixed with citrated rabbit plasma (bioMérieux) and incubated at 37°C. Clotting was evaluated after 4 h, and after 24 h if negative after 4 h. When required, staphylococci and micrococci were identified by the API ID32 STAPH system (bioMérieux) and in-house complementary tests based on conventional phenotypic characteristics (12) .
Statistical analysis. Differences in sensitivities, specificities, and predictive values of the two methods were evaluated by the Yates-corrected 2 test. RESULTS Colonial appearance of S. aureus and other microorganisms on CSA. We first evaluated the colonial appearance of 145 Staphylococcus stock isolates on CSA. All 100 S. aureus isolates yielded mauve (positive) colonies, which were usually 2 to 3 mm in diameter after 24 h of incubation (Fig. 1A) . A mat halo surrounded the S. aureus colonies, analogous to that observed on Tween 80-supplemented media when lipase-producing bacteria are present. Colonies of the small-colony variant MRSA were smaller (0.5 to 1 mm), although they were clearly visible and mauve after 24 h. Colonies of other MRSA and methicillin-susceptible S. aureus isolates (n ϭ 25 and 74, respectively) displayed no particular difference in terms of size, shape, and color. Except for that of the small-colony variant which did not grow on HBA after 24 h, the colony counts performed on both media were identical (data not shown). When CSA was challenged with low inocula (ca. 5 CFU/plate), its capacity to detect S. aureus was similar to that of HBA. The CoNS stock isolates tested grew as different shades of blue, white, or beige colonies (Table 1) , as did most CoNS isolated from clinical specimens during the second part of the study. Figure 2 shows the comparative growth of a mixed gram-positive flora on HBA and CSA after 24 h of incubation. Several staphylococcal morphotypes are seen on HBA, each having required catalase and latex tests, while mauve colonies readily identified S. aureus on CSA. Several S. epidermidis isolates produced small white colonies with a mauve background in regions of denser growth, not to be confused with the actual color of individualized colonies. Micrococcus spp. grew as yellow to brown colonies, except for five Micrococcus luteus isolates which yielded mauve colonies (Fig. 1B) . None of the numerous gram-negative organisms isolated on HBA grew on CSA. Enterococcus isolates yielded blue colonies, as did Listeria monocytogenes. Diphtheroids grew on CSA as minute white colonies, except for ANF group Corynebacterium isolates, which produced pinpoint-like red colonies that were barely visible after 24 h. Candida albicans was the only yeast species recovered on CSA, as white colonies.
Recovery of S. aureus from clinical isolates.
During the second part of this work, the performances of CSA and HBAcatalase-latex were compared in laboratory routine. A total of 310 S. aureus strains were isolated on at least one medium from the 2,000 consecutive clinical specimens. All 310 isolates were coagulase positive after 4 h, regardless of the medium from which they had been isolated. The distribution of the isolates in the different specimens is indicated in Table 2 . On HBA, 254 isolates yielded catalase-positive, latex-positive colonies and were confirmed as S. aureus (sensitivity, 81.9%) ( Table 3 ). A total of 1,157 latex agglutination tests were performed, representing a mean of 4.55 tests for each S. aureus isolate actually identified by the conventional method. On CSA, 296 S. aureus isolates grew as typical mauve colonies (sensitivity, 95.5%; P Ͻ 0.001). The majority (n ϭ 53) of the 56 falsely negative isolates missed on HBA but not on CSA were either masked or inhibited by a gram-negative associated flora (n ϭ 45) or were unable to grow (n ϭ 8) on primary plating, probably because of a low inoculum. When subcultured from CSA to HBA, those 53 isolates grew as typical staphylococcal colonies. The remaining three isolates falsely negative on HBA were subcultured from CSA to HBA and yielded latex-negative colonies. Among the 14 falsely negative isolates missed on CSA but identified on HBA, 1 grew as blue-violet colonies (suggesting the superposition of mauve and blue colors) and proved to be coagulase positive. Six grew as creamy-white colonies with a mauve back- ground, and these isolates originated from mucoid sputa of patients with cystic fibrosis. Subculture of such colonies on CSA restored typical mauve morphotypes, which were then identified as S. aureus by a coagulase test. Seven isolates originated as scant colonies on HBA, and no S. aureus growth was observed on the corresponding CSA plates, but subculture from HBA to CSA yielded typical mauve colonies. Specificity of S. aureus presumptive identification. As shown in Table 4 , the specificities of both methods were high (98.9 and 99.4% for HBA-catalase-latex and CSA, respectively) and not significantly different (P ϭ 0.08). A total of 18 and 8 false-positive strains were isolated on HBA and CSA, respectively. They consisted of Staphylococcus lugdunensis (n ϭ 5), Staphylococcus schleiferi (n ϭ 4), Staphylococcus cohnii (n ϭ 4), Staphylococcus saprophyticus (n ϭ 3), S. epidermidis (n ϭ 1), and Kocuria (formerly Micrococcus) kristinae (n ϭ 1) on HBA (catalase-and latex-positive colonies). On CSA, false-positive isolates consisted of M. luteus (n ϭ 5) and S. cohnii (n ϭ 3). Falsely positive M. luteus colonies on CSA (Fig. 1B) were pink-mauve, convex, and smaller than typical S. aureus colonies (Fig. 1A) after 24 h of incubation, and they lacked the mat halo observed around S. aureus colonies. The three false-positive S. cohnii isolates yielded violet colonies after 24 h (Fig. 1C) , which in our opinion were not different enough from typical mauve colonies of S. aureus and therefore were considered suspect. All colonies falsely positive with the conventional method were subcultured on CSA, and none of them grew as mauve colonies. Conversely, the three S. cohnii isolates falsely positive on CSA were also falsely positive (latex-positive) on HBA. The five M. luteus isolates that were mauve on CSA were latex negative when grown on HBA. The negative predictive values (Table 4 ) of the two methods were significantly different (96.8 and 99.2% for HBA-catalase-latex and CSA, respectively; P Ͻ 0.001), demonstrating a better capacity of CSA to exclude the presence of S. aureus in clinical specimens.
DISCUSSION
The first stage of this study, performed with stock bacteria, indicated the ability of CSA to grow a variety of clinical S. aureus isolates as typical positive colonies, including MRSA. Conversely, CoNS isolates, including species frequently encountered in clinical specimens, did not yield positive colonies. The similar yields of S. aureus from cultures on HBA and CSA demonstrated that there was no inhibitory effect of CSA on the growth of S. aureus compared to HBA, even when the medium was challenged with very low inocula. The performance of CSA was then compared in routine analysis of clinical specimens to our routine protocol (HBA-catalase-latex) for isolation and presumptive identification of S. aureus. Good separation added to easy distinction of mauve from blue or white colonies (Fig.  2) was of considerable help for identification of suspect colonies. The difference in sensitivity observed between plating on CSA and the conventional method (Table 3 ) appeared to result from the complete inhibition of gram-negative bacterial growth on CSA. This was demonstrated by the recovery on CSA of 53 S. aureus isolates that were unable to grow on primary plating on HBA and were associated with abundant gram-negative flora, especially Pseudomonas aeruginosa and Escherichia coli. In such cases, the selectivity of CSA was an asset for the recovery of several clinically important S. aureus isolates. On HBA, only three S. aureus isolates were negative for the Pastorex Staph Plus agglutination, confirming the excellent sensitivity of this test, as previously reported (17, 19) . Except for one strain which yielded atypical blue-violet colonies, all S. aureus isolates grew as typical mauve colonies on CSA, either on primary plating of clinical specimens (n ϭ 296) or by subculture of falsely negative isolates (n ϭ 13). Obstacles to the recovery of all isolates on primary plating on CSA appeared to be related mainly to very low inocula, possibly due to the set order of inoculation (first HBA and then CSA) and to the nature of some sputum specimens from patients with cystic fibrosis. In this setting, S. aureus colonies were atypical on primary plating, although they were typically mauve when subcultured. We have no explanation for this phenomenon and recommend that usage of CSA should be further evaluated in the particular setting of cystic fibrosis.
In this study, both methods were shown to be highly specific. The 18 false positives with the conventional method included isolates of clumping factor-producing staphylococci (S. lugdunensis and S. schleiferi) and other CoNS known to occasionally show falsely positive latex agglutination (6, 17) . Only eight false-positive isolates of infrequently isolated species (S. cohnii and M. luteus) grew on CSA. As the presence of a mat halo around S. aureus colonies on CSA was not indicated as discriminant by the manufacturer, we did not take it into account. However, this characteristic could be of diagnostic interest, since there was no halo around the M. luteus colonies as opposed to S. aureus colonies. The white color and smaller size of individualized colonies of S. epidermidis were clearly distinct from the color and size positive colonies despite a mauve background in the regions of dense, confluent growth. With a little experience, the difference between isolates producing a mauve background and those growing as mauve colonies was straightforward. Still, we recommend that workers who are using CSA for the first time include a mauve backgroundproducing S. epidermidis isolate (e.g., strain ATCC 14990) for comparison with S. aureus.
The excellent negative predictive value in the absence of mauve colonies on CSA was particularly appreciated when screening for S. aureus in specimens contaminated with skin flora, which often requires several catalase and latex tests with the conventional method (Fig. 2) . This suggests that CSA supplemented with antibiotics could be an interesting alternative to selective media currently used for screening of MRSA in hospitalized patients (13, 18, 16) .
Our results indicate that primary plating on CSA provides a convenient and time-saving method for the presumptive identification of S. aureus in routine clinical microbiology. Interpretation of colony colors is easy and false positives are rare when the plates are incubated for 24 h. The selectivity of CSA, resulting in the absence of growth of gram-negative organisms, allows rate of recovery of S. aureus higher than that with HBA, and definitive identification requires only a tube-coagulase or thermonuclease test. Plating on CSA is an excellent alternative to conventional multistep techniques presently used for the isolation and presumptive identification of S. aureus.
